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In the last decade, Salmonella enteritidis (SE) has become 
the predominant serotype in many countries1 The 
illness caused by SE is usually mild and short-lived, but 
can be more severe in persons who are at the extremes 
of age, who are immunocompromised, or who have 
diminished gastric acidity.2 Severe disease has been 
documented mainly with certain other serotypes.3 
Here, we report an outbreak of SE in which there 
was unusually severe illness and rapidly fatal outcome in 
an otherwise healthy 11-year-old boy, and the facts and 
events leading to this outbreak. 
In the early morning of 28 December 1999, the 
father brought his 11-year-old boy to the Health Center 
of Kakanj city, Bosnia and Herzegovina. In the Health 
Center, the boy was declared dead. The father, who had 
also shown symptoms of disease, was sent to Cantonal 
Hospital in Zenica. 
Both father and son observed Ramadan. On 25 
December 1999, both consumed, in the late afternoon, a 
meal consisting of part of the fried contents of a 425-g 
can of ‘Beef in own juice’ together with some smoked 
meat and eggs. On 26 December 1999, in the hours 
before dawn, both persons had the same meal, which 
had been made from the rest of the can contents. The 
open can was left in the kitchen overnight. From about 
14:00 h on 26 December 1999, both persons showed 
signs of disease. They suffered from painful cramps in 
the stomach and diarrhea, and subsequently from 
vomiting, weakness, shivering, fever, and diarrhea. They 
broke the fast, but did not seek medical attention. In the 
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early morning of 28 December 1999,36 h after the onset 
of diarrhea, the father discovered that his son was 
unresponsive. 
The empty can, the contents of which had been 
consumed by father and son, and other suspected food, 
smoked meat and sausage were transported to the 
Laboratory for Sanitary and Clinical Microbiology of 
the Canton Center for Public Health in Zenica. No eggs 
or egg shells were found in the house. Four days after the 
death of the boy, the cantonal authorities collected 13 
samples of the cans of ‘Beef in own juice’ from the local 
restaurant warehouse, which carried the same batch 
number, and brought them to the laboratory. They 
removed the rest of the cans and prohibited their use. 
One week after the outbreak, 12 specimens from 
environmental sources were collected in the house and 
transported to the laboratory: swabs of the door- 
handles, walls, dishes, and other equipment. 
Fecal specimens from the father were streaked 
directly onto SS agar, and, after overnight incubation in 
selenite broth, examined for the presence of Salmonella 
and Shigella at Cantonal Hospital Microbiology Labor- 
atory. They were also cultured for Campylobacter 
spp. and Escherichia coli 0157 in a microaerophilic 
atmosphere at 42°C for 48 h on modified Preston medium 
and 24 h on sorbitol McConkey agar in the Laboratory 
for Sanitary and Clinical Microbiology at Canton Center 
for Public Health in Zenica. No stool samples were 
collected postmortem. 
A washed suspension of the suspicious empty can 
was made with 20 mL of sterile saline; 1 mL of this 
suspension was placed in 9 mL of Brilliant Green Bile 
2% broth, mannitol salt broth, nutrient broth, and 
reinforced clostridial agar. The rest of it was placed into 
250 mL of selenite broth. All media were incubated at 
37°C except for Brilliant Green Bile 2% broth, which 
was incubated at 44°C. Samples of the 13 other cans 
(after 14 days of incubation of the cans at 37°C) and of 
smoked beef meat and sausage were also examined for 
the presence of the Salmonella spp. and other pathogens 
in the same way. After overnight incubation, selenite 
broth and nutrient broth were streaked onto SS agar, 
mannitol salt broth and blood agar (to determine the 
presence of Salmonella spp., Proteus spp. and Staphylo- 
coccus spp., respectively). Brilliant Green Bile 2% broth 
was streaked onto Endo agar after 48 h of incubation, 
and clostridial reinforced agar was examined after 
Severe Salmonella enter&id& infection with fatality in healthy boy I Uzunovic-Kamberovic et al 167 
3 days of incubation for the presence of Clostridium spp. 
Washed suspension and all food samples was serially 
diluted in sterile saline, plated on plate count agar, and 
incubated at 37°C for 72 h to determine a viable count 
number. 
Salmonella isolates were identified by conventional 
biochemical methods, and serotyped according to the 
Kauffmann-White antigenic scheme. Isolated strains of 
E. coli (after biochemical confirmation) were streaked 
on sorbitol MacConkey agar for the presumptive 
identification of E.coZi 0157. 
The E. coli 0157 test and the staphylase test (Oxoid, 
Basingstoke, UK), were used for identifying of E. coli 
0157 and Staphylococcus aweus clumping factor, respec- 
tively. 
SE was the only enteric pathogen isolated from 
culture of the father’s stools. 
Microbiological investigation of the empty index 
can (i.e. washed suspension) revealed the presence of 
SE, E. coli (non-0157) and Staphylococcus aweus. No 
pathogens were isolated from the smoked meat, sausage 
or environmental swabs, or from the other 13 cans. E. 
coli (non-0157) was the only other potential enteric 
pathogen isolated from swabs of the dishes from the 
kitchen. The viable counts were 6.5 x lo6 micro- 
organisms/ml of washed solution, and ~30 micro- 
organisms/g of the can’s contents. 
Necropsy of the boy showed: edema of the small 
intestine, with desquamation of the epithelium and exten- 
sive granulocyte and mononuclear leukocyte infiltration 
of the lamina propria; enlargement of mesenteric lymph 
nodes, with desquamated endothelial and mononuclear 
cells in enlarged sinus spaces; enlargement of the spleen, 
with granulocyte infiltration into the medulla and sinus 
spaces; and edema of the brain and meninges without 
signs of infiltration. These findings were consistent with 
a septic shock syndrome as a consequence of food 
poisoning. 
The severity of illness in this outbreak, including the 
death of a previously healthy child, is unusual.4 In 
previous non-typhoid Salmonella outbreaks, severe 
disease has been attributed mainly to host factors5 or the 
size of infectious dose.6 It is also possible that SE 
virulence characteristics play an important role in the 
pathogenesis,7,8 although this is still not well understood. 
Patients with predisposing conditions died more fre- 
quently than previously healthy patients, and decreased 
acid production is the most likely cause of death.2 In 
both persons affected in this report, there were no 
underlying diseases, which would compromise host 
defense mechanisms. However, these cases occurred at 
the end of Ramadan month. It has been shown that 
modifications of meal scheduling (fasting during 
daytime and three or four meals at night within a short 
span of time) and delaying and shortening sleep, increase 
gastric secretions (acid and pepsin secretion). However, 
it is not clear whether these changes contribute to the 
increase in dyspeptic symptoms in healthy volunteers 
observed during Ramadan. 9,10 Thus, it was not possible 
to establish an association between l-month fasting and 
severity of illness in this report. 
Investigations of the samples collected by local 
authorities revealed that the microbiological character- 
istics of the contents of investigated closed cans of the 
‘Beef in own juice’ were good: Salmonella could not be 
detected in 25 g of the product. Although it is likely that 
a substantial proportion of the parcels of cans produced 
in 1995 (best before end date 1998) have reached their 
destination and their contents have been consumed, 
no complaints about the microbiological quality of the 
product in question have been reported. Salmonella spp. 
do not survive the heat treatment processes used in the 
preservation of canned food. Therefore, there is no 
reason to suppose that Salmonella, as a primary infection 
after processing, was present in the index can. If, 
nevertheless, such infection had been present, it is likely 
that growth of Salmonella to a level that could cause food 
poisoning would have led to such severe spoilage of the 
product that this would have been noticed before 
consumption. Visual inspection of the suspicious can did 
not indicate the presence of deformations or damage 
that could lead to a so-called ‘leak’ infection. 
The food poisoning caused by SE in this outbreak 
probably resulted from secondary infection introduced 
from outside to the open can (cross-contamination). 
Probably, the eggs, which had been used for preparing 
the meals, were the source of Salmonella infection. 
As the open can was left in the kitchen overnight, 
Salmonella and other microorganisms could grow to the 
high counts (6.5 x lo6 microorganisms/ml washed 
can solution) that cause food poisoning.6 Case-control 
studies on SE infections suggest shell eggs as an 
important source of infection,l’ and there are numerous 
reports of SE outbreaks associated with consumption of 
eggs or egg-containing foods.12,13 In our region, home- 
made food is the most common source of SE infections 
(SO%), and egg-containing food is implicated in 35% of 
SE outbreaks and 29% of sporadic cases. (S. Uzonovic- 
Kamberovic, personal communication). 
Salmonellosis can be a severe disease even in persons 
who are not at the extremes of age or immuno- 
compromised. The outbreak reminds us that food from 
animal reservoirs, in this instance home-prepared food, 
is an important source of Salmonella, and that the few 
bacteria initially present often have an opportunity, 
before consumption, to multiply profusely to yield a 
large infective dose.14 
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